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Description 



ROBUST ELECTRODE PATTERNING IN 
OLED DEVICES 

Cross Reference to Related Applications 

[0001] This application is a divisional of Application No. 

10/064,982 (attorney docket number: 2002P 13942US) 
filed September 6, 2002, which is a continuation-in-part 
of Application No. 09/989,363 (attorney docket number 
01P 20326US) filed November 20, 2001, which is a con- 
tinuation-in-part of International Application No. PCT/SG 
00/00134 (attorney docket number OOP 16977SC) filed 
September 6, 2000. All of these applications are incorpo- 
rated by reference herein in their entirety. 
Background of Invention 

[0002] pig. 1 shows a pixelated OLED device 100, comprising a 
functional stack on a substrate 102. The functional stack 
comprises one or more organic functional layers 104 be- 
tween two conductive functional layers (106 and 108) 
which serve as electrodes (i.e. anode and cathode). The 



conductive layers are patterned as desired. For example, 
the conductive layers can be patterned to form rows of 
anodes in a first direction and columns of cathodes in a 
second direction. OLED cells or pixels are located in an 
active region where the cathodes and anodes overlap. 
Charge carriers are injected through the cathodes and an- 
odes via bond pads 112 for recombination in the organic 
layers. The recombination of the charge carriers causes 
the organic layer of the pixels to emit visible radiation. 
The device is encapsulated with a cap 110, hermetically 
sealing the cells. 
[0003] As shown in Fig. 1, pillars 114 are used to facilitate pat- 
terning of the upper conductive layer 108. The pillars are 
formed on the substrate after the formation of the lower 
conductive layer 106. Thereafter, the organic layer and 
conductive layer are deposited. Due to the profile of the 
pillars, the continuity of the upper conductive layer is dis- 
rupted, leaving segments of the conductive layer 108a 
over the organic layer 104 and segments 108b on top of 
the pillars. 

[0004] Referring to Fig. 2(a), the upper conductive layer 108 is 
deposited selectively onto the active region, through an 
aperture in a shadow mask 202. The shadow mask is typi- 



cally in contact with the substrate during deposition. 
Close contact between the substrate and the shadow mask 
may lead to the generation of shorts between adjacent 
electrodes, such as 108a(i) and 108a(ii). Particles 206 ac- 
cumulated on the shadow mask surface may be trans- 
ferred to the substrate, causing shorting between elec- 
trodes 108a(i) and 108a(ii), as shown in Fig. 2(b). Shorting 
may also be caused by, for example, damage of the pillar 
structures by the shadow mask during alignment. 

[0005] Known methods employed to protect the substrate from 
damage by the shadow mask include maintaining a gap 
between the shadow mask and the substrate. This gives 
rise to a blurring of the edges of the conductive layer and 
a reduction in precision. The conductive layer is deposited 
over an area larger than the active area to compensate for 
the blurring. Hence, the outer dimensions of the OLED de- 
vice are increased without increasing the useful light 
emitting active area. Moreover, maintaining the gap be- 
tween the shadow mask and substrate requires additional 
control complexity. 

[0006] As evidenced from the foregoing discussion, it is desirable 
to provide a method that improves the reliability of elec- 
trode patterning in the fabrication of OLED devices. 



Summary of Invention 

[0007] The invention relates generally to the fabrication of de- 
vices such as OLED devices. The invention relates particu- 
larly to the patterning of a conductive layer to form elec- 
trodes. Pillars are provided to pattern the conductive 
layer, wherein portions of the pillars have at least 2 sub- 
rows to prevent shorting of adjacent electrodes. In one 
embodiment, the ends of the pillars are split into at least 
2 sub-rows. 
Brief Description of Drawings 

[0008] pig. 1 shows a conventional OLED device employing pil- 
lars; 

[0009] pigs. 2(a) and 2(b) show a conventional method of pat- 
terning a conductive layer; 

[0010] Figs. 3(a) and 3(b) show an OLED device according to one 
embodiment of the invention; and 

[001 1] Figs. 4-7, 8(a) and 8(b) show a process of fabricating the 
OLED device according to one embodiment of the inven- 
tion. 

Detailed Description 

[0012] Fig. 3(a) shows the layout of a section of an OLED device 
300 and Fig. 3(b) shows a cross-section of the device 



along line 302a-302b according to one embodiment of 
the invention. The device comprises a substrate 304 on 
which OLED cells are formed in the active region 306. The 
OLED cells comprise one or more organic functional layers 
308 formed between first conductive layer 309 and sec- 
ond conductive layer 310a, the first and second conduc- 
tive layers serving as first and second electrodes. In one 
embodiment, the first electrodes are anodes and the sec- 
ond electrodes are cathodes. Forming the first electrodes 
that are cathodes and second electrodes that are anodes 
is also useful. The first and second electrodes, for exam- 
ple, are formed as strips in respective first and second di- 
rections to create an array of OLED cells in the active re- 
gion. Typically, the first and second directions are orthog- 
onal to each other. Bond pads are electrically coupled to 
the cathodes and anodes. A cap is preferably provided to 
encapsulate the OLED cells. 
[0013] pillars 312 which extend above the OLED cells are pro- 
vided on the substrate surface to facilitate the patterning 
of the second conductive layer 310. The pillars can also 
extend the height of the cavity to support the cap. This is 
particularly useful for flexible OLED devices since the cap 
is prevented from contacting and damaging the cells. The 



pillars are used to pattern the conductive layer as desired 
to create separate OLED cells. For example, the pillars 
create rows of second electrodes 310a to form an array of 
OLED cells. Pillars which create other patterns for the sec- 
ond electrodes are also useful. OLED cells are located be- 
tween the pillars where the second electrodes overlap the 
first electrodes. The profile of the pillars, in one embodi- 
ment, comprises tapered sides. The taper angle is, for ex- 
ample, about 30°-75° from horizontal. Other types of 
profiles are also useful, such as t-shaped profiles de- 
scribed in, for example, US patent application "Production 
of Structured Electrodes", USSN 09/737,656, which is 
herein incorporated by reference for all purposes. 
[0014] The second conductive layer 310 is selectively deposited 
onto the active region, through an aperture in a shadow 
mask 313. The shadow mask is preferably in contact with 
the substrate to prevent blurring of the electrode edges. 
As previously discussed, close contact of the pillars with 
the shadow mask may lead to shorting of adjacent elec- 
trodes in conventional methods. This may be caused by, 
for example, defects induced on the pillars during align- 
ment or particles transferred from the shadow mask to 
the substrate. 



[0015] | n accordance with the invention, portions of the pillars 
are split into at least 2 sub-rows to prevent shorting of 
adjacent electrodes. In one embodiment shown in Figs. 
3(a) and (b), the pillar 312 is split into four parallel or 
substantially parallel sub-rows 312(i)-(iv) at the ends of 
the pillar rows where the shadow mask is in close contact 
with the pillars. Non-parallel sub-rows are also useful. 
Preferably, the sub-rows do not contact each other. As 
shown in Fig. 3(b), a shorting of conductive segments 
3 10c(i) and 3 10c(ii) caused by, for example transfer of 
conductive particles 309 from the shadow mask onto the 
substrate, will not cause the adjacent electrodes 310a(i) 
and 3 10a(ii) to be electrically shorted. The electrodes 
310a(i) and 3 10a(ii) remain isolated from one another, 
and may be shorted only if all the conductive segments 
310c(i)-(iii) and electrodes 3 10a(i)— (ii) are simultaneously 
shorted. Hence, the probability of shorting adjacent elec- 
trodes is greatly reduced. 

[0016] pigs. 4-7, 8(a) and 8(b) show a process for fabricating an 
OLED device in accordance with one embodiment of the 
invention. Referring to Fig. 4, a substrate 401 is provided. 
In one embodiment, the substrate comprises a transpar- 
ent substrate, for example, soda lime or borosilicate 



glass. To form flexible devices, materials, such as plastics, 
can be used. Other types of materials can also be used to 
serve as the substrate. The substrate typically is about 0.1 
- 1.1 mm thick. 

[0017] The substrate includes first electrodes 405 formed on the 
surface thereof. The first electrodes serve as, for example, 
anodes. The anodes are formed from a conductive mate- 
rial. In one embodiment, the conductive material com- 
prises a transparent conductive material such as indium- 
tin-oxide (ITO). Other transparent conductive materials, 
for example, indium-zinc-oxide, zinc-oxide, tin-oxide, 
are also useful. In one embodiment, the anodes are ar- 
ranged in strips in a first direction, the strips are being 
separated by spaces. Preferably, the space separating the 
anodes is less than 50 urn wide. Connections to bond 
pads can also be provided. Various techniques, such as 
photolithography, can be used to form the anodes. 

[0018] Referring to Fig. 5, a device layer 502 is deposited on the 
substrate. The device layer is used to create the pillars 
which facilitate patterning of a conductive layer to form 
the second electrodes (e.g., cathodes). More than one de- 
vice layer is also useful for forming the pillars. The thick- 
ness of the device layer is equal to the height of the pil- 



lars. The thickness of the device layer is, for example, 
about 0.5-50 urn, preferably about 1-10 urn. In one em- 
bodiment, the device layer comprises a negative acting 
photoresist such as AZ 5214E manufactured by Clariant. 
The resist is deposited on the substrate by, for example, 
spin-coating. Other types of photosensitive materials, 
such as photosensitive polyamide or photosensitive poly- 
benzoxazole, are also useful. In addition, electron cure 
resist systems, such as those manufactured by Allied Sig- 
nal, can also be used to form pillars having the desired 
cross-sectional shape. Non-photosensitive insulating ma- 
terials such as resins can also be used to form the pillars. 
Other methods of forming the pillars, such as etching, are 
also useful. 

[0019] | n accordance with the invention, the layout of the pillars 
on the surface of the substrate is designed to prevent 
shorting of adjacent electrodes. In one embodiment, the 
end portions of the pillars are split into four sub-rows, 
corresponding to regions 604(i)-(iv) shown in Fig. 6. The 
device layer is selectively exposed to light from an expo- 
sure source through a mask 602. The exposure process is 
designed to form pillars with the desired profile. The ex- 
posure process comprises, for example, successively ex- 



posing the photosensitive layer with electrons or charged 
particles having different energies which have different 
penetration depths to form a tapered profile during devel- 
opment. 

[0020] The resist is then prepared for development to remove the 
unexposed portions. The preparation, for a negative act- 
ing resist, includes a post-exposure bake to cross-link 
the resist in the exposed regions. The post-exposure 
bake is performed at, for example, about 120°C for about 
60-90 seconds. Cross-linking renders the resist insoluble 
to the resist development chemistry. After the post- 
exposure bake, the resist is subjected to a flood exposure 
from the exposure source (e.g. exposure without mask). 
The flood exposure renders the previously un-exposed 
portions of the resist soluble. The dose of the flood expo- 
sure is, for example, about 1000 mj/cm 2 . 

[0021] Referring to Fig. 7, the device layer is developed with a re- 
sist development chemistry to remove the unexposed re- 
gions, leaving sub-pillars 702(i)-(iv). In one embodiment, 
the resist chemistry comprises an alkaline developer such 
as A2 726 manufactured by Clariant. The resist is devel- 
oped in the development chemistry at room temperature 
for about 60 seconds. Because the lower parts of the ex- 



posed regions were underexposed, they are more soluble 
to the resist chemistry. This creates pillars with an under- 
cut, resulting in a cross-section that is narrower at the 
bottom than the top. The resist is then rinsed with de- 
ionized water to remove the developer. 
[0022] After forming the pillars, the resist is cured to improve the 
mechanical stability of the pillars and to render them inert 
to the organic solvents used to form the functional or- 
ganic layers. In one embodiment, the resist is cured by 
heating the substrate at a temperature of about 160°C for 
about 6 hours. Other curing techniques such as electron 
beam (e-beam), particle (proton, alpha) or UV curing can 
also be used. After curing, the substrate is cleared by 
subjecting it to UV-0 3 for about 3 minutes, removing 
small organic residues on the exposed portions of the 
substrate. 

[0023] pig. 8(a) shows the layout of a section of the device ac- 
cording to one embodiment of the invention. Fig. 8(b) 
shows a cross section of the device, along line 801a-801b 
in Fig. 8(a). A functional organic layer 803 is deposited in 
the active region 802 on the substrate. In one embodi- 
ment, the functional organic layer comprises a conjugated 
polymer. Additional functional layers can be deposited to 



form a functional organic stack. The organic layer is de- 
posited by, for example, wet coating or vacuum deposi- 
tion. The thickness of the organic layer or stack is typi- 
cally about 2 - 200 nm. 

[0024] a conductive layer 804 is deposited on the substrate 

through a shadow mask 815. The conductive layer com- 
prises, for example, Ca, Mg, Ba, Ag, Al or a mixture or al- 
loy thereof. Other conductive materials, particularly those 
comprising a low work function, can also be used to form 
the second conductive layer. In one embodiment, the sec- 
ond conductive layer comprises Ca. The Ca is deposited 
by thermal evaporation at a rate of 1 nm/s and a pressure 
of about 10~ 5 mbar. Other deposition techniques, such as 
sputtering (PVD), chemical vapor deposition (CVD), plasma 
enhanced chemical vapor deposition (PECVD) or metal or- 
ganic chemical vapor deposition (MOCVD), are also useful. 

[0025] The conformity of the conductive layer is interrupted due 
to the height and profile of the pillars, resulting in parts 
804a and 804c of the conductive layer being deposited in 
regions between the pillars and parts 804b being formed 
on the top surface of the pillars. The parts of the conduc- 
tive layer 804a between the pillars serve as second elec- 
trodes (e.g. cathodes). The intersections of the cathodes 



and anodes form organic LED pixels. The electrodes 804a 
are separated by pillar sub-rows 702(i)-(iv) at regions 
where the shadow mask is in close contact with the pillars 
to reduce the possibility of shorting. The process contin- 
ues to complete the OLED device. For example, a cavity 
cap is mounted on the substrate to encapsulate the device 
and bond pads are formed to provide electrical access to 
the OLED pixels. 
[0026] while the invention has been particularly shown and de- 
scribed with reference to various embodiments, it will be 
recognized by those skilled in the art that modifications 
and changes may be made to the present invention with- 
out departing from the spirit and scope thereof. The 
scope of the invention should therefore be determined not 
with reference to the above description but with reference 
to the appended claims along with their full scope of 
equivalents. 



